Abstract: A novel application of full-duplex passive integrated transponder (PIT) tag technology was used to investigate movements of individual subyearling Chinook salmon (Oncorhynchus tshawytscha; fork length 60 mm) into and out of tidally flooded salt marsh habitat in the Salmon River estuary, Oregon, USA. PIT interrogation was effective, with mean tag detection 92%. Salmon movement peaked late during both flood and ebb tide periods, indicating that salmon did not drift passively. Most movements were in the direction of tidal currents, but 20% of individuals entered the channel against the ebbing tide. Individuals occupied the intertidal channel for a median 4.9 h and as long as 8.9 h per tidal cycle, and few were detected moving when water depth was <0.4 m. Some individuals used the channel on multiple successive tidal cycles, and others entered intermittently over periods of up to 109 days. Using an individual-based approach, we characterized diversity of juvenile Chinook salmon behavior within a marsh channel, providing insight into the value of such habitats for conservation and restoration of salmon populations.
Introduction
During their juvenile migration from freshwater to marine habitat, ocean-type Chinook salmon (Oncorhynchus tshawytscha) may rear for prolonged periods in subsidiary and blind channel networks that connect mainstem estuarine channels with peripheral wetlands (Congleton et al. 1981; Simenstad 1983; Healey 1991) . Such channel networks are often intertidal, necessitating twice-daily evacuation of wetland areas and redistribution of nekton communities across hundreds of metres of habitat as channels flood and drain with the tide (Rozas 1995; Gibson 2003) . Despite obligatory tidal emigrations, mark-recapture experiments indicate that individual Chinook salmon may return to particular wetland channels for days to months, moving into flooded channel networks during high tides and retreating to subtidal habitats during low tides (Congleton et al. 1981; Levy and Northcote 1982; Shreffler et al. 1990 ).
The use of tidal channels as salmon rearing habitats has been the subject of multiple studies over the past several decades. Research has emphasized seasonal patterns of salmon abundance (Congleton et al. 1981; Levy and Northcote 1982) , salmon feeding habits and prey resources (Shreffler et al. 1992; Gray et al. 2002) , and restoration and recovery of habitat function in formerly degraded wetlands (Shreffler et al. 1990; Miller and Simenstad 1997; Gray et al. 2002) . Recent work suggests that the presence or condition of estuarine marsh habitat may be linked to life history diversity and hence resilience of salmon populations (Bottom et al. 2005a (Bottom et al. , 2005b . Understanding the behavior of individual salmon within estuarine wetlands is necessary to evaluate habitat -life history associations and to predict changes to salmon populations that might result from wetland degradation or recovery (Simenstad and Cordell 2000) . Yet patterns of salmon movement within and among tidal channels -including the timing and duration of tidal excursions into marsh habitats -remain poorly understood, particularly at fine temporal and spatial scales.
One impediment to studying salmon behavior in tidal marshes has been difficulty in tracking individuals with ocean-type life histories that are most likely to reside in marsh habitat. Because such fish (typically 40-100 mm fork length) are too small to monitor using active radio or acoustic telemetry, active telemetry studies of salmon in estuaries have used larger yearling migrants (e.g., Moser et al. 1991; Miller and Sadro 2003; Schreck et al. 2006 ) and (or) hatchery-reared fish (Semmens 2008 .) The few studies that have described movement of small salmon in intertidal marsh channels have relied on physical recapture of marked fish using seines or traps (Levy and Northcote 1982; Shreffler et al. 1990) . Repeated capture and handling may alter fish behavior, however, and such conventional methods are poorly suited to resolving movements that occur over the short time scale of tidal cycles.
We sought to address this problem by using full-duplex (FDX) passive integrated transponder (PIT) tag technology (Prentice et al. 1990a) . PIT tags are common tools in freshwater fish research, where detection systems incorporating stationary, in situ PIT antennas have allowed passive monitoring of fish movements at multiple scales in natural and simulated stream habitats (reviewed by Zydlewski et al. 2006) . High-salinity water has limited application of PIT detection technology in marine and estuarine habitats by reducing the distance over which PIT tags can be detected (e.g., McCormick and Smith 2004) . Adams et al. (2006) and Meynecke et al. (2008) , however, both reported using half-duplex (HDX) PIT tag detection systems for monitoring the movement of fish in salinities ranging from 2 to 28 PSU. Both investigators used HDX PIT tags measuring 23.1 mm long Â 3.4 mm in diameter and weighing 0.6 g in air. Such tags (the smallest HDX tags commercially available) are too large and heavy for use with subyearling salmon, but at the time of our study, FDX tags measuring 12.5 mm long Â 2.07 mm in diameter and weighing 0.102 g in air were available. Improvements in the read range of FDX tags and improved performance and capability of the transceiver system (e.g., electromagnetic interference filtering, operation of multiple antennas from a single transceiver, and antenna design) recently have increased the feasibility of using FDX PIT tag technology with small fish in brackish water habitats.
We operated a stationary FDX PIT tag detector within a blind, tidal salt marsh channel of the Salmon River estuary, Oregon, for several months during the summers of 2004 and 2005, coincident with a conventional mark-recapture experiment in the estuary using FDX PIT tags. Our objectives were to assess the utility of this approach for monitoring movement of small salmon in shallow estuarine habitats, investigate the timing and duration of intertidal channel use by individual age-0 Chinook salmon, identify environmental limits (e.g., temperature, depth) on channel occupancy, and test whether patterns of tidal movement varied among individuals of different sizes or tagging location.
Materials and methods

Study area
The Salmon River drains a catchment of 194 km 2 in the Oregon, USA, coastal mountains and flows into the Pacific Ocean at Cascade Head (45801'N, 123858'W; Fig. 1 ). The lowest 6.5 river kilometres (rkm) form a tidally influenced estuary, and the area of the estuary between rkm 2.0 and rkm 4.5 includes over 200 ha of salt marsh intersected by tidal marsh channels. Subyearling Chinook salmon are the dominant salmonids in the estuary, typically occurring in marsh channel habitats from March through October, with peak abundance in late spring or early summer. The estuary is the site of a long-term study of salmon rearing in tidal marsh channels (Gray et al. 2002; Bottom et al. 2005a ).
Our study channel was a blind, secondary channel within a dendritic network of intertidal channels that joins the mainstem Salmon River at rkm 3.2 (Fig. 1 ). This larger channel network intersects an 80 ha, mature high salt marsh (Jefferson 1974 ) previously described as the Salmon River ''reference marsh'' or ''control marsh'' (Gray et al. 2002) . Surface area of the study channel was approximately 2005 m 2 , comprising 9.5% of the entire reference channel network. Width of the study channel at the detector site was 8 m, and water depth varied from~1.5 m at high tide to <0.1 m on most summertime low tides. During both 2004 and 2005, high tide surface water salinity in the study channel varied from less than 5 PSU in June to 28-30 PSU in August and September. The water column was often stratified by salinity in late summer.
Fish tagging
During high tides between 18 May and 6 July 2004, juvenile Chinook salmon were captured by beach seining, PIT tagged, and released at nine sites within the primary channel of the reference marsh (N = 671) (Fig. 1) . Tagging followed the techniques of Prentice et al. (1990a) using 12.50 mm long Â 2.07 mm FDX PIT tags (model TX1411ST; Digital Angel Corp., St. Paul, Minnesota; weight 0.102 g in air). Prior to tagging, fish were anesthetized in a bath of ambient water from the marsh channel containing 50 mgÁL -1 tricaine methanesulfonate (MS-222). Tags were inserted into the body cavity using a 12-gauge syringe, and tagged fish were allowed to recover from anesthesia in an aerated water bath before their release near the site of capture. Using the same methods, an additional 572 Chinook salmon were tagged and released at the same reference marsh sites between 28 June and 1 August 2005. Water temperature and salinity during tagging ranged from 9 8C to 19 8C and from 3 PSU to 18 PSU, respectively.
All tagged Chinook salmon were naturally produced (i.e., not spawned in a hatchery) and ranged from 60 to 116 mm fork length at the time of tagging. Previous studies have shown that PIT tagging has a minimal effect on survival, growth, and performance of salmonids of this size and larger (Prentice et al. 1990b; Ombredane et al. 1998; Newby et al. 2007) . Tag weight ranged from 0.8% to 5.4% of body weight (median 3%). Brown et al. (2006) detected no effect on growth or swimming speed of juvenile Chinook salmon implanted with transmitters between 3.1% and 10.7% of body weight.
Detection equipment and data collection
In 2004, the PIT tag detection system consisted of a single 24V FS-1001A transceiver (Digital Angel Corp.) powered by four 12V batteries and connected to one antenna anchored in the tidal channel. A Palm M130 handheld computer (Palm Inc., Sunnyvale, California) connected to the transceiver's serial port recorded time, date, and tag code information for each tag detection and periodically logged the transceiver's current, phase, and noise level using the program FS1001 v1.1 (Oregon RFID, Portland, Oregon).
In 2005, we replaced the FS-1001A transceiver with a newer model FS-1001M transceiver (Digital Angel Corp.). The FS-1001M was capable of multiplexing -operating up to six antennas by sequentially switching power to each antenna several times per second. To the new multiplexing transceiver, we attached the same antenna used in 2004 (antenna 1) and an additional antenna (antenna 2) anchored approximately 20 m farther into the study channel (Fig. 1) . The two antennas enabled direction of fish movement to be determined via the time and date recorded with each tag detection. The FS-1001M transceiver was capable of tuning the antenna fields dynamically (automatic tuning) to maximize tag read distance. This feature resulted in improved tag detection efficiency across tidally and seasonally variable water depth and salinity. During 2005, tag detection and transceiver diagnostic data were logged with a Dell Axim handheld computer (Dell Inc., Round Rock, Texas) using the program MiniMon v1.4 (Pacific States Marine Fisheries Commission).
During both years, the transceiver, batteries, and data logger were contained within a 1 m Â 1 m Â 0.5 m stainless steel box anchored on the marsh surface above maximum high tide elevation. Batteries were exchanged weekly and recharged onshore.
Both antennas originally were designed and constructed by Digital Angel Corp. to detect PIT-tagged adult fish passage at McNary Dam on the Columbia River (Muir et al. 2001) . Each antenna consisted of a continuous length of 14 AWG Teflon coated wire wrapped 13 times into a 170 cm Â 64 cm rectangular coil. A ''shield'' of 24 cm wide, 6 mm thick, sheet aluminum channel surrounded the exterior of the wire coil with approximately 10 cm of open space between the shield and the coil on all sides. Both the antenna coil and aluminum shield were housed within an air-filled watertight housing of 18 cm Â 27 cm fiberglass (antenna 1) or welded plastic (antenna 2) box channel. The inside dimension of these rectangular housings (i.e., the area that fish passed through to be detected) measured 50 cm Â 157 cm (0.78 m 2 ) on each antenna. Laboratory testing using FS-1001 transceivers under RF noise conditions similar to the Salmon River study site indicated that these antennas detected model TX1411ST PIT tags when the transceiver current was as low as 1.9 A.
We attached each antenna to two wooden posts driven into the marsh channel substrate, with the long axes of the antennas oriented vertically and located so that the antenna openings were centered on the thalweg of the tidal channel. Nets (0.5 cm mesh) extended from the wooden posts to the shoreline both above and below the antennas to direct fish through the antenna openings (Fig. 2) .
In 2004, we operated the detector system from 15 June to 10 July and from 18 August to 21 October. We removed the nets in mid-July to avoid interfering with an ongoing longterm fish trapping study in the study channel. In 2005, the detector operated continuously from 28 June through 12 September, except for five days when the transceiver shut down due to low battery power.
During 2004, we monitored water temperature at the detector site with a HOBO temperature logger (model H8; Onset Computer Corp., Bourne, Massachusetts). In 2005, we monitored both water temperature and depth with a data logger positioned on the channel bottom between the two antennas (HOBO model U-20-001-01; Onset Computer Corp.). Salinity at the water surface and within the water column was recorded at least twice a week during both years using a handheld refractometer or electronic salinity meter (YSI, Inc.).
Detection efficiency
Periodically during high tides, we verified the ability of the detection system to recognize PIT tags by passing test tags taped to a stick through the center of each antenna. Twice in 2004 and five times in 2005, we also released groups of tagged salmon into the study channel above the detector system during high tides to test the efficiency with which the nets and antennas combined to detect tagged fish moving out of the study channel. Twenty-seven such ''efficiency fish'' were released in 2004 and 76 were released in 2005.
Efficiency testing was based on the assumption that all fish released above the antennas would leave the channel as it dewatered on the ebbing tide. Accordingly, we defined detection efficiency as the percentage of each group of efficiency fish detected on the first ebbing tide after release. Because efficiency fish released in 2005 must have passed antenna 2 to reach antenna 1, the efficiency with which antenna 2 detected fish exiting the study channel was defined as the percentage of efficiency fish detected on antenna 1 that were also detected on antenna 2. Similarly, fish that were tagged and released outside of the study channel (i.e., in the adjacent, higher-order reference channel; Fig. 1 ), subsequently moved into the channel volitionally, and were detected on antenna 2 provided a means to evaluate the efficiency with which antenna 1 detected fish entering the study channel. We could not independently assess the efficiency with which antenna 2 detected incoming fish, but we have no reason to believe that it would differ substantially from the outgoing efficiency.
Results
Performance of detection equipment
Brackish water flooding increased the electrical load on antennas and caused transceiver current to vary tidally, decreasing as the amount of water in the channel increased (Fig. 3) . Transceiver current ranged from 2.4 to 6.2 A but never dropped below the 1.9 A threshold of tag detection, even when salinity was highest during late summer. Water depth accounted for a large proportion of the observed variation in current for each antenna (linear regression of transceiver current on water depth in 2005, r 2 = 0.93 for antenna 1, r 2 = 0.70 for antenna 2; p < 0.0001). Test tags passed manually through the center of the antenna fields during high tides confirmed that both antennas maintained sufficient electromagnetic field strength to detect tags throughout the tidal cycle at surface water salinity as high as 29 PSU.
Detection rate of tagged efficiency fish exiting the channel ranged from 69% to 100% (mean 92%; Table 1 ). During the two tests with efficiencies lower than 90%, efficiency fish had been distributed particularly high in the study chan- nel system, which may have reduced the likelihood of exiting the channel on the ebbing tide. Also, the large number of efficiency fish released on 30 June 2005 may have resulted in ''tag collision'', a condition when two or more tags are in the detector field at the same time (Connolly et al. 2008) , reducing detection efficiency. Antenna 1 also detected 89 of 92 individuals (97%) that were released outside of the study channel, subsequently entered the channel, and were detected on antenna 2. Following efficiency tests, most efficiency fish (90%) returned to the study channel on subsequent tides (up to 32 days following release), and the system recorded a total of 91 and 224 detections of these fish in 2004 and 2005, respectively. Detections of efficiency fish were not used for other analyses of salmon movements or residence times.
Detection of tagged salmon
In 2004, the PIT detector recorded 493 detections of 123 unique individual tagged salmon that moved into the study channel volitionally after being released elsewhere in the estuary. These individuals included 18% of Chinook salmon tagged and released in the reference marsh (Table 2 ). In 2005, the system recorded 369 detections of 75 unique fish, 15% of Chinook salmon tagged in the reference marsh but outside the study channel.
During both years, the body size of salmon detected in the study channel was representative of the tagged population. Likelihood of detection and duration over which individuals used the study channel did not appear related to body size when tagged. Likelihood of detection in the study channel was greater for fish captured and tagged at sites above the confluence with the study channel than for those tagged and released below the confluence ( Tagged fish were detected between 5 h before and 6 h after high slack tides. Frequency distributions of all detections for both years indicate that peak movement of tagged salmon through the antennas occurred roughly 1 to 2 h before and 3 to 4 h after high slack tides (Fig. 5a ). Tagged salmon were detected during both daytime and nighttime tides. Of 862 total detections during both years, roughly half (449 or 52%) occurred between 1 h before sunset and 1 h after sunrise.
Among all detections at both antennas during 2005, median water depth was significantly shallower when fish were detected during ebb tides than during flood tides (median depth 0.75 m vs. 0.95 m, Wilcoxon rank sum test p = 0.0012). Results from 2004, when we did not measure water depth directly, were qualitatively similar. Only 21 (6%) of the total detections in 2005 occurred when water depth was 0.4 m or less, despite the fact that shallow depths made up the greatest proportion of depths recorded at the antenna site (Fig. 6 ). Of these 21 detections, 17 (81%) occurred during low light conditions between 1 h before sunset and 1 h after sunrise.
Median water temperature at the bottom of the channel when fish were detected was 14.9 8C (interquartile range 13.7 to 16.0 8C) in 2004 and 16.4 8C in 2005 (interquartile range 15.0 to 17.4 8C). High tide water temperature did not appear to limit salmon from using the channel. The warmest temperatures (exceeding 25 8C) occurred during low tides when water was shallow and tagged fish were not moving in the study channel (see Fig. S1 of the supplementary data). 4 
Patterns of movement and residence time of individual salmon
Most individuals recorded by the PIT tag detector were detected on few occasions -a median of two detections per fish -but several individuals were detected on multiple occasions, including single individuals that were detected up to 44 times in 2004 and 33 times in 2005. Most fish (~65% of those detected) occurred in the study channel during one or two tidal cycles within a few days of tagging and then did not enter the channel again (Fig. 7a) . Of the remaining fish, some individuals demonstrated fidelity to the study channel, entering and leaving the channel over multiple successive tidal cycles (as often as 22 tide cycles in a 24-day period) (Fig. 7b ). Others were detected on two or more tide cycles separated by several days or weeks without detection, indicating they used the study channel only sporadically during a prolonged period of estuarine residence (Fig. 7c) .
The maximum times-at-large between initial tagging in the reference marsh and final detection in the study channel were 128 days in 2004 and 48 days in 2005. Median times-at-large were 16 days and 9.5 days after tagging in 2004 and 2005, respectively (Table 2) .
Using individual detection data from both antennas in 2005, we defined 80 clear entrance movements (individuals detected successively on antenna 1 then antenna 2) and 65 clear exit movements (detected on antenna 2 then antenna 1; Fig. 5b ). Most fish moved in the direction of tidal currents: 80% entered during flooding tides and 92% exited on the ebb, 20% entered on the ebb, and 8% exited on the flood. The timing of entrance and exit movements was consistent with periods of peak tag detection before and after high slack tide.
On 57 occasions, individual fish exhibited clear entrance and exit movements during single tidal cycles. Based on these 57 observations (from 36 unique individual fish), the median individual residence time within the channel per tidal cycle was 4.9 h (range 0.37 h to 8.9 h). Residence time showed a weak but significant positive association with tidal magnitude (linear regression of residence time on depth in the channel measured at high slack tide, r 2 = 0.16, p = 0.002). The longest observed residence times were associated with particularly high tides that occurred at night. On a given tidal cycle, individual fish tended to exit the channel when the water depth was equivalent to or shallower than the depth when they entered. The mean difference in depth between entrance and exit was 20 cm (standard error 5 cm), and water depth at exit was significantly shallower than depth at entrance (one-sided t test, t [56] = -3.54, p = 0.0004).
Discussion
Development of FDX PIT tag technology has allowed quantification of individual small fish movement within intertidal salt marsh habitat on the temporal scale of individual tidal cycles. By monitoring movements of PIT-tagged subyearling Chinook salmon into and out of a tidal wetland channel, we found evidence that (i) salmon used marsh channel habitat over a broad range of tidal conditions when water depth was greater than 0.4 m; (ii) individual salmon remained in the intertidal channel for a median 4.9 h and as long as 8.9 h per tidal cycle; (iii) the timing of salmon movement into and out of intertidal habitat was not centered on high slack tide, and fish at times swam against tidal currents; (iv) salmon exhibited some fidelity to a specific intertidal channel within the estuarine marsh landscape; and (v) individuals within the population exhibited diverse patterns of residence in the study channel, ranging from hours to months, including periods of continuous and infrequent habitat use.
Although many studies have documented estuary-wide migrations, residence times, and habitat use by juvenile salmonids (e.g., Healey 1980; Kjelson et al. 1982; Miller and Sadro 2003) , few have examined the fine-scale movement of individual salmon into and out of shallow marsh habitats as channels drain and fill with each tide (Levy and Northcote 1982) . New micro-acoustic tags have been used to study estuarine migration behaviors and survival rates of juvenile salmon (Williams 2008) , as well as the fine-scale movements of individuals placed within estuarine habitat enclosures (Semmens 2008) . However, such tags are too large for applications involving the small (<90 mm) size classes of salmon that typically reside in wetlands and other shallow estuarine habitats (Levy and Northcote 1982; Simenstad et al. 1982; Bottom et al. 2005b) .
Although juvenile salmon usually entered and departed the Salmon River marsh channel in the direction of tidal currents, the asymmetry of salmon movement about high slack water and the high proportion of movements that occurred against ebbing tides indicate that Chinook salmon do not drift passively with the current, but rather enter and actively remain in intertidal habitat until late in the tidal cycle. Peak salmon movement occurred during mid-to late flood tides (i.e., 1-2 h before high slack tide) and late during ebb tides (i.e., 3-4 h after high slack tide). Furthermore, 20% of individuals entered the channel against the ebbing tide, 8% exited against the flooding tide, and fish exited the channel at water depths that were, on average, 20 cm shallower than when they entered. Using trap nets set across marsh channels at high tides, Levy and Northcote (1982) similarly reported that most Chinook salmon and chum salmon (Oncorhynchus keta) fry in the Fraser River estuary left intertidal marsh channels during late ebb-tide periods, whereas pink salmon (Oncorhynchus gorbuscha) emigrated during early and middle stages of ebbing tides. Pink salmon occur in estuaries at much smaller sizes than Chinook salmon and thus may be less able to maintain position against tidal currents than larger species. Our results for Chinook salmon differ from patterns observed for nekton in an intertidal creek in South Carolina where most taxa departed the channel at the same depth as they entered (Bretsch and Allen 2006) .
Behavioral studies have demonstrated that habitat choices by juvenile salmon involve species-specific tradeoffs between optimal foraging opportunities and predation risks (Magnhagen 1988; Abrahams and Healey 1993) or physiological stresses (Webster et al. 2007 ). Salt marsh habitats provide productive feeding habitats for juvenile salmon (Levy and Northcote 1982; Simenstad et al. 1982; Shreffler et al. 1992 ) and have been described as potential predator refugia (Shreffler et al. 1992) , but the relative benefits and costs for salmon occupying shallow intertidal marsh channels rarely have been measured (Craig and Crowder 2000) . The patterns of salmon residence in the Salmon River study channel may serve to maximize foraging success while limiting predation risks and the bioenergetic costs of increasing water temperatures (Gray 2005) . Tagged fish avoided shallow water where avian predation, potential for stranding, and elevated water temperatures may pose increased risks of mortality during receding tides. Occasions when fish were detected in shallow water were usually periods of low light, when risk from visual predators was minimized. Chinook salmon feed actively in Salmon River marsh channels on invertebrate taxa produced within the marsh (Gray et al. 2002) . By remaining within the channel as the tide ebbs, individuals may maximize encounters with drifting invertebrate prey exported from the marsh channel network and concentrated during receding tides.
Despite having to vacate tidal channels with each ebb tide, our results indicate that individual salmon may exhibit fidelity at the scale of secondary marsh channels within an intertidal marsh-channel network. For example, some individuals used the study channel repeatedly on successive tides. Moreover, fish tagged in the reference marsh network above the confluence with the study channel were more likely to be detected than those tagged below the confluence. Presumably, this was because fish in the upper portion of the marsh system again penetrated high into the channel network on subsequent tides. Although many individuals that were detected multiple times entered the study channel only sporadically, it is unclear whether such fish were regularly using another, unmonitored area within the reference network. Because the entire population of the intertidal channel network is concentrated within a limited number of subtidal refuge habitats in the mainstem estuary during low tide, some redistribution of individuals within the network likely occurs with each tidal cycle. Consequently, site fidelity may be weaker at finer spatial scales within intertidal channel networks than at coarser scales among networks.
Through continuous monitoring of fish entering and exiting the study channel, our PIT tag methodology discerned considerable variation in the wetland rearing behaviors of individual salmon that may not be apparent from conventional survey methods. For example, some individuals revisited the same small wetland channel intermittently for periods of weeks or months. Conventional methods that use fixed nets to sample periodically (e.g., daily, weekly, or monthly) therefore may greatly underestimate wetland residency and cannot measure variation in the frequencies of tidal excursions among individuals entering and leaving local habitats. The small but noteworthy proportion of tagged Chinook salmon that we observed entering the study channel during ebbing tides would have been excluded from the channel -and thus not included in abundance estimatesby traditional sampling methods that place trap nets across the mouths of tidal channels at high slack tide (e.g., Levy and Northcote 1982; Shreffler et al. 1990; Miller and Simenstad 1997) . Such methods also may not detect residence patterns accurately if channels do not drain completely during neap low tides.
Most studies of marsh habitat use by estuarine nekton have sampled during daylight hours (reviewed by Rountree and Able 1993) , which may greatly underestimate marsh channel use by animals that are more active or abundant at night (Rountree and Able 2007) . Although we did not observe a substantial difference in the number of tagged salmon detected between night and day, the longest tidal residence times of individuals within the marsh occurred during nighttime tides. Passive, in situ tag monitoring did not require additional labor or expense to sample daytime and nighttime tides equally.
Our approach was limited somewhat by the dimensions of the PIT tag antennas available for this research, which required that we artificially narrow the study channel with nets. Improved, unshielded FDX PIT tag antennas measuring approximately 3 m Â 0.5 m -about twice the detection area of the antenna used in the present study -since have been tested successfully in salinities of up to 28 PSU (E. Prentice, unpublished) . Moreover, the small, shielded antennas that we used likely could detect smaller, 8 mm long FDX PIT tags that are now commercially available, potentially allowing monitoring of even smaller fish. These improvements and the ability to link multiple antennas to a single multiplexing transceiver offer considerable flexibility to span larger channels and to continually monitor the residency and movements of small fish in estuarine habitats.
Human development of coastal areas has altered many estuaries used by salmon (Boulé and Bierly 1987) , and in some Oregon estuaries, as much as 80% of former tidal wetland area has become inaccessible to migratory fish as a result of diking, filling, and the installation of tide gates (Good 2000) . Wetland restoration projects often attempt to recreate habitats that function equivalently to natural reference sites (Miller and Simenstad 1997; Gray et al. 2002) , and fish behaviors, including residence times and movement patterns, have been proposed as important measures of restoration success (Simenstad and Cordell 2000) . The fact that most tagged salmon occupied our intertidal study channel only when water reached a minimal depth affirms that restored channels intended as salmon rearing habitat must be designed to maintain sufficient depth during high tides for salmon access. Although higher elevation tidal channels may support and export salmon prey to other areas of the estuary, they likely will not be used by salmon directly.
Based on the timing of movement that we observed, tide gates also are likely to inhibit salmon movement if they remain closed or alter tidal flow at any time during the period beginning roughly 4 h before and ending roughly 6 h after high tide. Thus, although many recent restoration efforts have modified tide gates to improve passage of adult and ju-venile fish (Giannico and Souder 2004) , it is likely that any gate that functions to limit tidal flooding (the fundamental purpose of tide gates) will negatively affect access to habitat by juvenile salmon. The small proportion of tagged fish that entered our channel during the ebbing tide, however, suggests that salmon may opportunistically access habitats above tide gates if gates open early enough and remain open for a sufficient period during ebb tides. Bottom et al. (2005a) provided evidence that restoration of marsh habitat in the Salmon River estuary has expanded expression of estuarine-rearing life histories within the contemporary Chinook salmon population. Juvenile Chinook salmon now enter the ocean at a broader range of sizes and times compared with a period prior to marsh restoration. Such behavioral diversity may spread the risks posed by variable oceanic or climatic conditions and increase resilience of the salmon population. The individual-based approach in this study reveals on a fine scale the ways in which juvenile Chinook interact with and exploit intertidal wetland habitat and affirms that a diversity of marsh rearing patterns exists in the present Chinook salmon population. The behavior of individuals on this finer scale is the mechanism that leads to the population-scale responses to restored habitat structure observed by Bottom et al. (2005a) .
Preserving connectivity of intertidal marsh habitats within the estuary is critical to maintaining expression of behavioral diversity in estuarine rearing salmon. We suggest that future marsh rearing studies incorporate multiple PIT detection sites to examine the patterns of habitat use by individuals across the estuarine landscape and the connections among habitats that support diverse salmon rearing and migration behaviors.
